Indigenous people of northern Canada traditionally lived a nomadic lifestyle subsisting on wild game and fish for thousands of years. With colonization came an increasing dependence on imported processed foods. This dietary change has often been reported to be one of the factors leading to Indigenous health and wellbeing disparities worldwide. We determined the amino acid (AA) profile including tryptophan (Trp) of wild meats (game and fish) and processed meats found in the traditional and modern diets of Indigenous subarctic communities in Canada. Trp is a limited essential AA necessary for synthesis of serotonin (5-HT), an important neurotransmitter and homeostatic regulator. The dietary ratio of Trp relative to other large neutral AAs (LNAA) can alter Trp transport and 5-HT synthesis in the brain. We determined AA composition of wild meats and processed meats using standardized NaOH and HCl hydrolysis for Trp and other AAs, respectively, followed by ultraperformance liquid chromatography. A Principal Components Analysis revealed that overall AA composition is significantly different between wild and processed meats. (M)ANOVA showed significantly higher protein in wild meats (wet weight, ww). Trp was significantly lower in processed meat samples (n=15; 0.18g/100g ± 0.02 ww) compared to wild meat samples (n=25; 0.24g/100g ± 0.06 ww). The proportion of Trp:LNAA and Trp in sample protein were not significantly different between wild (1:21-1:27, 0.92-1.27 g/100g protein) and processed (1:20-1:24, 1.03-1.27 g/100g protein) meats. Within wild meats, AA composition is significantly different between fish and waterfowl, fish and moose, and moose and goose. (M)ANOVA results indicate significantly higher protein in goose compared to moose and fish and in moose compared to fish. We compared our Trp findings to previous analyses and discuss the substantial gap in human nutritional studies of Trp.
Introduction
In the past century of cultural assimilation, Indigenous communities of northern Canada transitioned from a traditional high-protein diet of mammals, game birds, and fish to a modern diet dominated by highly processed commercial foods [1] [2] [3] [4] [5] . This dietary transition has recently been associated with a decline in mental health and a disproportionately high prevalence of diabetes among Indigenous people, especially in remote areas [6, 7] . Herein we consider the importance of postcolonial nutritional barriers to health and wellbeing. During interviews with Indigenous James Bay Cree of subarctic Ontario, Canada, participants described a shift from wild game and fish to processed meats and sugary foods in their lifetime; they associated this change with reduced mental and physical health and related wild meat consumption to feeling "full" and "happy."
In the present study, we determined Trp, Trp:LNAA, and overall AA content in raw wild meats (traditional diet) and right-from-the-package processed meats (modern diet) from a subarctic Cree community in Ontario. We sought to determine if the dominant sources of protein in the modern diet are an adequate substitute for traditional wild meats in terms of Trp, Trp:LNAA, and AA composition, given the following facts and concerns: (i) the significant role of Trp in mood/metabolic regulation and adaptive response to stress [8] [9] [10] [11] [12] , (ii) the high comorbidity of metabolic and mood disorders prevalent in subarctic Indigenous communities [13, 2 International Journal of Food Science 14], (iii) the unique susceptibility of Trp to degradation under conditions of industrial food processing [15] [16] [17] , and (iv) the unique knowledge gap on Trp composition in the human diet, unlike other AAs.
Dietary Trp is essential to human cognitive, emotional, and energy function [10, 18] due to its role as the rate-limiting precursor to the neurotransmitter serotonin (5-HT) [19, 20] . Trp is one of several large neutral AAs (LNAA) that compete for transport across the blood-brain barrier, including the other aromatic AAs tyrosine and phenylalanine and the branched-chain AAs valine, isoleucine, and leucine [21] . Changes in dietary Trp:LNAA alter blood plasma Trp:LNAA proportionately, altering central Trp uptake and central 5-HT synthesis [20, [22] [23] [24] [25] .
Although Trp composition varies among dietary proteins [26] [27] [28] , Trp composition literature is sparse due to the unique structure of the amino acid. Trp has an electron-rich and highly reactive indole ring that makes it vulnerable to degradation [15, 29] . This means that, along with cysteine, Trp is the most challenging and costly AA to recover and is frequently excluded from general AA composition studies [30, 31] . Determination of Trp content, digestibility, and absorption is much more common in animal nutrition studies because of the agroeconomic benefits of regulated dietary Trp in yield and quality [32, 33] .
In 2011, the FAO (Food and Agricultural Organization) announced human dietary Trp requirements 2-3 times higher than previously reported in 1998. They also recognized AAs as individual nutrients rather than general constituents of protein quality [34] . The FAO has since requested an update of AA content within nutrient databases due to advances in quantification methods that were standardized in 2000 [34] . The labile nature of Trp is an added impetus for its quantification in the human diet. Research in the 1980s and early 1990s showed significant Trp loss from food exposed to severe heat in the presence of oxygen [15] [16] [17] . This loss was accelerated by the presence of a variety of food additives, preservatives, and chemicals associated with commercial food processing [15, 16, 29] . AA proportions may be disrupted by other techniques of processing, mechanical modifications, chemicals, and materials used in cleaning, storing, and packaging, and the addition of reducing sugars, starch, other nutrients and preservatives [16, 17, 29, 35, 36] . However, these findings are limited by the methods of the time and a research gap since then.
Methods

Sample Collection.
Two groups of food were collected from Fort Albany First Nation in the James Bay region: rightfrom-the-package processed meats, n=15 (Table 1) , and raw wild meats, n=25 (Table 2 ). For the purpose of this baseline AA content study, we compare dominant AA sources of the traditional and modern Cree diets as the community acquires them. Both direct-from-the-package (or can) processed meats and wild meats typically undergo further heat processing by the end user prior to consumption in our study communities. The present study was not designed to compare or adjust for the effects of various home-cooking methods prior to end user consumption (e.g., frying, boiling, baking, smoking, roasting, microwaving, or otherwise heating). Wild species were selected based on popularity determined through interviews with 24 community harvesters. Processed meats were selected based on purchase frequencies by the Fort Albany community at their two food supply stores. Within these two food sources, five types of processed meat (three replicates) and five species of wild meat (five replicates) were collected (Tables 1 and 2 ). Each processed sample was sourced from a different lot number and/or expiry date. A full ingredient list for processed foods can be found in Table 10 . Each wild meat sample was of the same type-striated muscle because it comprises the largest portion of the total edible mass-and from a different specimen. Studies have shown variability in Trp composition between different tissues of a given species [37, 38] and between genetically distinct individuals of the same species [39, 40] . All samples were processed within 24 hours after being harvested and placed in a Ziploc bag, prior to being stored in a -20 ∘ C freezer. Frozen samples were shipped in coolers with ice packs to the laboratory for analyses.
Sample Processing.
Samples were processed at the Institut de Recherche sur les Zones Côtières in Shippagan, New Brunswick, CA.
Homogenization.
Chicken nugget breading was removed to reduce potential Trp degradation. Samples were homogenized based on AOAC methods 937.07 (fish) and 983.18 (meat).
Fat Removal and Determination.
To eliminate exposure to heat, samples were defatted using a method modified from Folch et al. [41] . Approximately 2-5g of each sample was homogenized in 10mL MeOH and 20mL CH 3 Cl using a polytron and combined with 40mL KCl 0.1M in a separatory funnel. The test tube used for the homogenization was rinsed [43] . The derivatized sample was dissolved in a given amount of sample diluent (pH 7.40) and an aliquot was injected into the column, running on a modified PICO-TAG gradient. Column temperature was at 48 ∘ C. The derivatized AAs were detected at 254 nm.
The Waters Acquity UPLC system employed consists of a Binary Solvent Manager, a Sample Manager, a TUV Detector, and a Waters Acquity UPLC BEH C18 column (2.1 X 100 mm). Data were collected, stored, and processed using Waters Empower 3 Chromatography software. Drying was done using a Tomy CC-181 Centrifugal Concentrator with a Sargent-Welch Model 8821 Vacuum pump. AA standards were purchased from Waters Corporation (Milford, MA, USA).
Statistical Analysis.
Statistical analysis was performed on proximate composition (fat, moisture, protein, and "other"), Trp content, and Trp:LNAA. These data were inspected for outliers and miscodings before analysis.
We used Principal Components Analysis (PCA) to explore variation in the AA data. All 19 AA concentrations were transformed as log 10 (1 + [concentration]) to reduce skewness and nonnormal distributions in data. The 19 AA variables were reduced to three composite variables using PCA (rigid rotation) of the correlation matrix of the original variables. We constructed graphical displays of covariance confidence regions for wild and processed meats at the 95% confidence level. These confidence ellipsoids show the composition of wild and processed meats in amino acid PC space (Figures 1 and 2 ).
We performed a 1-way (M)ANOVA to examine differences between processed and wild meats with the following variables: protein, moisture, fat, "other", and tryptophan (raw values, log values, and in ratio to LNAA), as well as AA PC scores from the analysis above. Similarly, we performed 1-way (M)ANOVAs (with post hoc tests) to examine differences within processed meats and within wild meats with the same suite of variables.
Statistical analyses were carried out using SPSS v. 22. Ellipsoid plots were produced using ADE4 in R.
Results
Descriptive statistics are listed below for proximate nutritional composition (Table 3) , total Trp content, ww (Table 4) , Trp/LNAA in protein (Table 5) , and PC loading scores for all 19 AAs (Table 6) .
Trp as a percentage of protein ranged within the common estimate of 1-2% of protein for all samples except fish, which fell just below 1% (Table 4) . Mallard, goose, Klik Light, and unbreaded chicken nuggets had the highest concentration of Trp, as a percentage of protein. Descriptive statistics for other AAs are in Table 5 .
Overall MANOVA statistics showed highly significant differences between wild and processed meats. A 1-way ANOVA revealed significant differences between these groups for all measured variables, with the exception of Trp:LNAA ratio and AA PC-3 (Table 7) . Wild meats had significantly higher concentrations of protein, moisture, and Trp and lower concentrations of fat and "other." Trp content on a g/100g ww-basis serving was significantly higher in wild meats (0.24%) than processed meats (0.18%) ( Tables 4 and 7) . Trp among wild samples was highest in waterfowl and lowest in fish.
MANOVA revealed significant differences within the wild meats group and within the processed meats group. One-way ANOVAs revealed significant differences within commercial meats for some variables (moisture, fat, "other," and AA PC-3), while, within the wild meats, significant differences were noted for all measured variables, with the exception of "other" (Tables 8 and 9 ).
Levene's test was used to inform the choice of appropriate post hoc tests for pairwise comparisons within commercial meats and within wild meats. Overall, pairwise comparisons International Journal of Food Science 5 revealed relatively few significant differences within commercial meats except for moisture and AA PC-3 (Table 11 ). By contrast, many significant pairwise comparisons were found within wild meats (Table 11) . PC-1 and PC-2 account for most of the variance (83.3%) in overall AA composition Table 6 . Confidence ellipses in Figure 1 show distinct processed and wild meats in these two most important dimensions of AA-PC space. Distinguishable AA subgroups were also observed within wild meat (whitefish, pike, moose, mallard duck, and goose), but not within processed meats (Klik Light, submeats, chicken nuggets, hot dogs, and meatballs) (Figure 2 ). There is minimal overlap between wild and processed meat sources. Multivariate ANOVA showed that processed meats were significantly distinguished from wild meats for both AA PC-1 and AA PC-2 scores (Table 7) . MANOVA revealed significant differences within the wild meats for both AA PC-1 and AA PC-2 scores, but not within the processed meats (Table 11) .
PC-1 was dominated by high positive loadings of most amino acids, particularly Tyr, Val, Ala, Thr, and Arg, and had a slight negative loading of OH-pro. AA PC-1 scores were significantly more positive in wild meats, indicating high levels of most amino acids, including Trp and other LNAAs (Tables 6 and 7) . Processed meats tended to have low scores on AA-PC-1. Fish (whitefish and pike) samples had significantly lower AA PC-1 scores than mammal (moose) and waterfowl (mallard duck, and goose); and moose had a significantly lower AA PC-1 score than goose (Table 11) .
PC-2 contrasted samples with positive loadings of Pro, OH-Pro, and Gly with strong negative loadings of Met, Lys, and Phe. Wild meats had significantly more negative scores on AA PC-2, associated with higher relative concentrations of Phe, Met, and Lys and lower Pro, OH-Pro, and Gly compared to processed meats. Goose tended to have the most positive scores on AA PC-2 and was significantly different than fish and moose (Table 11) .
The absence of distinguishable ellipses among commercial meats (Figure 2 ) reflects the surprisingly high variability of AA composition between individual samples of a given a. Note that right-from-the-package processed meats are typically exposed to heat, additives, mechanical manipulation and sterilization chemicals during the manufacturing process, and further heat processing prior to consumption.
commercial meat type. AA composition, including Trp, appears to be less variable within individual wild species than within single commercial meat products.
Discussion
Trp in Wild versus Processed Meat.
Traditionally, the nomadic Cree subsisted on wild meat comparable to samples in the present study and ate very little carbohydrates. The selected processed meats in this study make up the largest commercial AA source in the modern Cree diet. We found significantly higher Trp in raw samples (ww) of wild game associated with significantly higher levels of protein and lower levels of "other" and fat ( Table 7) . The units of g 100g −1 sample in our study represent the Trp available per serving of unprepared meat. The FAO recommends a mean Trp intake of 6.75mg/kg/d for "maintenance and growth" [34] . To obtain mean Trp requirements, the average Canadian (75g serving, 75kg person [44] ) would require 2.8 daily servings of selected wild meat, compared to 3.8 daily servings of selected processed meat. Trp was highest in Canada goose, requiring 2.2 daily servings, and lowest in canned meatballs, requiring 4.5 daily servings.
Recall that dietary changes in Trp:LNAA proportionately alter blood plasma Trp:LNAA [22] and central 5-HT synthesis, due to LNAA competition for entry into the brain [45] . We found that the Trp:LNAA ratio was not statistically different between wild and processed meats (Table 5 ). Future work should consider, however, that relatively small fluctuations in Trp intake could have a large impact. First, the proportion of Trp in living organisms is very limited compared to other essential AAs and Trp levels throughout the body and brain must be tightly regulated to serve many critical functions [10] . We expected equal, or greater, regulation of AA proportions in commercial meat due to controlled and repetitive industrial procedures. Yet Figure 2 and Table 11 show high AA variability within processed types and insignificant differences between brands, unlike wild meats. Raw wild meats are more consistent and distinct within a given species.
Second, the amount of dietary Trp destined for central 5-HT is also limited. Only a small portion of Trp consumed is metabolized via the methoxyindole pathway for 5-HT synthesis due to competition with the more dominant kynurenine pathway, as well as protein synthesis, and alternative metabolites such as melatonin and tryptamine [10, 46, 47] . Most of this 5-HT pool is synthesized in the gut, reserving a small and controlled amount for the CNS [10, 48] . Thus, differential Trp availability between highprotein versus low-protein diets may disproportionately limit regulation of central 5-HT pools. Yet central 5-HT stores cannot be inferred from dietary Trp and LNAA content alone. Trp availability and transport for central 5-HT is also dictated by other factors: health conditions or medications causing Trp malabsorption [46] ; excess Trp oxidation or metabolism [47, [49] [50] [51] changes in the kynurenine pathway [47, 52] ; changes in peripheral 5-HT production [52, 53] ; changes in gut microbiota [53] ; chronic inflammation [54, 55] ; and prolonged stress [51, 56, 57] .
The introduction of this paper presents studies supporting Trp loss during industrial processing. There are several explanations for comparable proportions of Trp in wild and processed meat of our study. All processed samples in this [16] . Indeed, recent studies show significant heat-induced degradation of Trp in both meat and fish with home-cooking methods [58] [59] [60] . The very hydrophobic nature of Trp also places Trp residues deep inside proteins where they are more protected from degradation [9, 15, 18] . However, heat during industrial processing will denature proteins and may expose even deeply buried Trp to further heat treatments at home [61] . Heat also leads to isomerization of L-Trp to the D isomer, which is more difficult for humans to absorb and would go unrecognized by basic Trp quantification methods [15, 17, 35] . Heat can also alter protein digestibility and Trp availability, depending on the type of protein and heat treatment [29, 35, 62, 63] . Together, the current research leads us to predict that a greater degree of heat exposure, additives, mechanical modification, and chemical exposure will increase the risk of lowering plasma Trp:LNAA and central Trp availability; further analyses on AA exposure to variable treatments in food processing and preparation are needed. Recently, Alipour [60] used standardized HPLC methods on Persian Sturgeon determined that frying led to a 95-99% Trp loss, but little change in other LNAA [60] . The LNAA content relative to the Trp content of fried sturgeon was 110 times higher than that of raw sturgeon (Table 12) . Alternatively, Muszyńska et al. [64] observed a Trp increase of up to two orders of magnitude after heat treatment of some Basidiomycota mushroom varieties, a rise attributed to breakdown of larger indole compounds like 5-HT that were destroyed by thermal processing. Levels of 5-HT are significantly lower in a variety of heat-processed tomato products than fresh tomatoes [65] . It has not been determined if 5-HT is an important source of Trp in various foods.
Trp in Individual Meat Types of Present and Previous
Studies. Despite the critical and diverse functionality of the nutrient Trp, the relatively recent elevation of Trp nutritional requirements, and the substantial improvements to Trp quantification methods, we do not have adequate Trp data for the human diet. Trp content in the U.S. Department of Agriculture's (USDA) Food Composition Database and Health Canada's Canadian Nutrient File is either absent, presented without reference, or obtained from outdated or unstandardized methods [66, 67] . Most often, Trp is estimated from gross mathematical constants (% of protein) that were determined before standardization.
The Canadian Food Inspection Agency (CFIA) estimates that Trp content is 1.5% in egg protein, 1.3% in milk, meat, poultry, or fish protein, and 1.1% from other or mixed protein sources [68] . Similarly, the USDA and Health Canada nutrient databases appear to infer total Trp content from the constant value of 1.12% Trp in fish protein and 1.39% in all skinless waterfowl protein, regardless of species or cooking treatments [66, 67] . We found pike and whitefish protein to have 0.92% and 0.98% Trp, respectively (Table 5) , while Mohanty et al. [69] determined Trp to range from 0.2 to 6.5% of protein in twenty species of fish (Table 12 ). Trp analysis in fish demonstrates a much larger range of Trp content between species (Table 12) than what is inferred from constants used by Nutritional Databases.
Wild game in the present study had a mean of 1.12% Trp in moose and 1.26-1.27% Trp in waterfowl (Table 5 ). In a recent standardized analysis, Trp in protein was 0.99-1.20% for domestic goose, 0.70-1.25% in domestic duck (Table 13 (a)), 0.94% in deer, and 0.60% in camel (Table 13(b) ). Trp in waterfowl does not reach the 1.39% assumed by the USDA and Health Canada or the 1.3% assumed by the CFIA [66] [67] [68] .
Trp is typically excluded from AA profiling of meat and thus comparable scientific studies are limited. The data that [71] does exist suggests that the percentage of Trp in protein varies between different species and organisms. Trp analysis is most common in fish: our pike and whitefish data fell within the wide range of various fish species (Table 12) . Moose Trp was slightly higher than deer and double that of camel (Table 13 (b)). Canada goose and mallard duck Trp concentrations were also higher than those reported for domesticated Polish geese and pekin duck (Table 13(a)) . Further, Trp levels in tissues within species, such as the pekin duck (Table 13 (a)) and camel (Table 13 (b)), are varied. The range of Trp:LNAA across our study meats is much narrower (more consistent) than findings from other literature on fish, domestic animals, and processed meat (Tables 12, 13(a), 13(b), and 13(c)); more analysis using standardized methods is needed. Recommended Trp nutritional requirements highlight the substantial difference that can occur between actual Trp content and mathematical inferences. In the extreme example of the golden masheer (Table 12) , experimentally measured Trp levels could provide daily Trp requirements with only a half serving, while mathematical inferences would lead to recommendations 8 times greater.
Processed meat protein in our study contained 1.03-1.27% Trp (Table 5) . Recent AA profiles for processed meat are absent from the literature. When considering nutritional requirements, Trp content in these samples are comparable a. Present study (processed meats were right-from-the-package prior to home cooking and consumption) b. USDA 1980-2007 (unknown methods and sources) [66] to the CFIA estimate of 1.11% for mixed protein sources. The USDA nutrient database provides measured Trp in some processed meats for the years 2002-2007 but gives no reference to specific studies or methods (Table 13(c)) . Notably, the proportion of Trp in protein of our Klik Light (1.27%) was much higher than canned luncheon meat (0.98%) or bologna (0.79-1.09%) of the USDA, yet the proportion in our hot dogs (1.04%) was lower than USDA frankfurters (1.17%). Trp in our mixed submeats (1.03%) fell within the range of comparable USDA mixed meats (0.79-1.19%).
Overall, the estimation of total dietary Trp available in a given food type may not be accurately estimated from the existing assumption that Trp is a constant percentage in fish or meat protein. Fish and wild game of the present study and meat sources reported in previous studies have less Trp content than what is presented in major nutrient databases.
Conclusion
The dominant processed meats of the modern Cree diet are not equivalent substitutes for traditional meats in terms of total Trp content. Processed meats were significantly lower in Trp due to high proportions of nonprotein additives. Mallard ducks, Canada geese, and moose provide relatively high amounts of Trp and protein per serving when compared to wild fish and processed mixed meats. Trp composition closely paralleled protein content for all samples except fish, which had lower overall LNAA content. The proportion of Trp:LNAA in processed and wild meats was not significantly different. PCA revealed significant differences in AA composition between wild and processed meats: notably, essential dietary AAs (Trp, Tyr, Val, Thr, Met, Lys, and Phe) were more highly concentrated in wild meats.
Wild species of meat were more homogenous in composition than processed types, as well as in comparison to domesticated sources analyzed in other studies. Trp in our samples was higher than comparable samples in other studies, though many of the latter did not use standardized methods. Proportions of Trp in our fish and wild game protein were lower than estimated values assumed by CFIA, the USDA Food Composition Database, and the Canadian Nutrient File of Health Canada. These estimates do not provide accurate Trp composition of wild meat.
We summarized results from other Trp composition studies of comparable meat sources and identified a knowledge gap on Trp composition in traditional and modern diets. At present, Trp is the least quantified amino acid and thus composition studies using standardized methods are far too few to make general conclusions from interstudy comparisons. Trp is one of the most limited, labile, and multifunctional amino acids and is critical to mental wellness and general health. More research is needed to determine Trp content and AA proportions in the human diet, including unprepared foods and those subject to various cooking and preservation practices. Phenylalanine.
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